H UMAN pancreatic polypeptide (hPP), a 36 amino-acid polypeptide of pancreatic origin, ' ' increases following gastric distension'.' and after ingestion of a protein mea1.j ' Recently, we had a unique opportunity to investigate the effects of direct stimulation of the duodenum on hPP and gastrin release, independent of gastric stimulation; this article presents the findings of that study. All four stimuli were followed by acute elevations in plasma hPP levels (Figs. l-3) . When the duodenum was distended with water ( Fig. I) or with saline ( Fig. 2) there was an immediate increase in plasma hPP concentrations; hPP levels fell rapidly towards basal thereafter. An early increment, comparable in both magnitude and timing to that observed with water and with saline, was observed when the duodenum was distended with Flexical ( Fig. 3) , but in contrast to the results with water and saline, there followed a second increment of much greater magnitude and duration than the first. When the duodenum was distended with saline containing gastrin (Fig. 2) , the increases in hPP were similar to those observed with saline or with water.
DISCUSSION
In the presence of an intact vagus, ingestion of food produces a biphasic release of hPP.'~"~" Gastric distension also causes an acute rise in hPP.'," Having a tube in this patient's duodenum afforded a unique opportunity to study directly the possible role of the duodenum in the release of hPP without giving mechanical or nutrient stimulation to the stomach at the same time. Rapid injection of 100 ml of fluid into this patient's duodenal afferent limb was used as a distending stimulus. Since the volume infused exceeded the visual estimate of the duodenal capacity at surgery, and since the patient developed mild cramps as the 100 ml was rapidly instilled, we presume that this stimulus produced tra.nsient, but distinct, distension of the duodenum. This stimulus was associated with a rapid, but transient, increase in plasma hPP concentrations. Thus duodenal distension alone would appear to release hPP. The response to duodenal distension may have been mediated by either neural or humoral signals, but in view of the rapidity of the response, we presume that it was mediated via neural pathways. In the unlikely event that the Billroth II resection had disrupted vagal pathways to the duodenum and pancreas, a humoral mechanism for the hPP release might then be implicated.
It would be difficult to test the integrity of the vagal fibers to the duodenum and pancreas in this patient.
The responses to duodenal distension by water or saline in our study are similar to, but of somewhat greater magnitude than, those reported following gastric distension with saline or glucose.' ' with celery," or by a balloon.x These differences could represent a difference in response to gastric versus duodenal stimulation. However, other explanations include more rapid sampling and, hence, detection of an earlier peak than reported previously,' older age of our patient compared to those reported previously,5 ' differences in assay techniques, and simple biologic variation of response. Age may influence the response to distension just as it influences basal hPP levels. 6 The later part of the biphasic response, which we observed after the addition of nutrient Flexical to the distending stimulus, is consistent with the suggestion6~",",'3 that the nutrient constituents of a mixed meal act in some manner in addition to distension to stimulate hPP release. This response to nutrient cannot be as clearly localized to the duodenum, since some of the instillate may have refluxed into the stomach through the gastrojejunostomy, contributing to the secondary increment in hPP concentrations seen after Flexical (2.2 g protein). However, we have observed that when 20 times the amount of protein (24 oz of "Sustical"; a tube feeding containing 6.1 g/100 ml protein, 2.3 g/l00 ml fat, and I4 g/100 ml carbohydrate) was rapidly ingested by 4 healthy subjects, the rise was less than that which occurred when the 2.2 g of protein in the Flexical was injected into the duodenum (Floyd, unpublished observation It is of interest to note that the addition of G 17 to the distending stimulus did not alter the release of hPP or gastrin. We had added gastrin to the perfusate because of our earlier observation" that in a patient with the Zollinger-Ellison syndrome, distension of the duodenum in a similar manner to that used in this study with 100 ml of water containing 250 pM (500 pg/ml) of G 17 was followed by a marked rise in serum gastrin concentrations.
Distension with water alone in this same patient was followed by a precipitous decrease in serum gastrin levels. In the patient reported in the current study, these stimuli were without effect on serum gastrin.
We conclude, therefore, that intraduodenal stimuli influence plasma hPP concentrations. Duodenal distension alone would appear to release pancreatic polypeptide but not gastrin. lntraduodenal nutrients cause release of hPP similar to that seen after nutrients are ingested, as in a protein meal. These data present preliminary evidence for a duodenopancreatic axis for hPP release. 
